Titanium(III) chloride was found to be an effective catalyst for the imino Diels-Alder reaction between an imine (generated in situ) and an activated alkene in acetonitrile at ambient temperature. The reaction proceeds smoothly to afford the corresponding adduct as a mixture of chromatographically separable cis-and trans isomers in moderate to good yields.
Hetero Diels-Alder reactions are becoming a mainstay of heterocyclic and natural product synthesis. In particular, the imino Diels-Alder (IDA) reaction involving condensation of aryl imines, either pre-formed or prepared in situ, with an olefin provides rapid access to functionalized heterocycles with control of regio-, diastereo-and enantioselectivities [1a-c] . The reaction is generally carried out with an activated olefin, such as dihydrofurans and pyrans, enol ethers, enamines and ketenes [2a] , in the presence of various Lewis and Bronsted acids [2b] , and even transition metal carbonyls, as the catalysts [2c] . Most of the Lewis acids, however, cannot be used for the one-pot IDA protocol with aromatic amines, aldehydes and alkenes, because the water formed during imine formation deactivates/decomposes the catalyst [2d] . To this end, non-hygroscopic Lewis acids, like InCl 3 [3a,b] and lanthanide chlorides [3c], have been employed. More recently, the triflates of Yb, Sc and In that can tolerate small amounts of water have been used effectively [3d], while the lanthanide (III) triflates are reported [3e] to catalyze the reaction in water. The reaction has also been carried out in ionic liquids [4a] and on solid supports [4b].
With imines possessing α-hydrogen, use of mild Lewis acids like Zn(OTf) 2 and TMSOTf minimizes the problem of enamine formation [4c] . For the chiral variant, both chiral sugar-derived imines and chiral Lewis acids containing binol and diamine ligands have been used [4d,e] . In addition, the intramolecular IDA reaction has been innovatively used for the synthesis of tricyclic imino compounds [4f]. These aspects of the IDA reaction have been covered lucidly in a recent review [5a] .
Given the importance of the IDA reaction in natural product synthesis and medicinal chemistry, the need for further studies on this reaction was felt. Two avenues of study that have earned considerable attention are the tandem processes [5b] and Lewis acid catalysis [5c]. It is worth mentioning that the IDA reaction provides an efficient route for the substituted tetrahydroquinoline core present in many pharmaceutical agents and drug molecules [6a] For developing the protocol, reaction parameters, such as (i) stepwise vs tandem protocol, (ii) catalyst concentration, and (iii) reaction medium were optimized using 3,4-dihydropyran (DHP) as the dienophile (Scheme 1). The results are summarized in Table 1 . Initially aniline (1a) was reacted with benzaldehyde (2a) to form the Schiff base, which was reacted with DHP in CH 3 CN in the Scheme 1 presence of TiCl 3 (30 mol%) to give the pyrano [3,2-c]quinolines 3a and 4a, as a 1:3 cis:trans mixture ( Table 1 , entry 1). The isomers 3a and 4a could be easily separated by column chromatography. In view of the instability of the Schiff bases, their in situ generation and IDA reaction in a domino process would be extremely useful from the synthetic point of view. This would lead to a protocol for a multi component condensation (MCC) reaction [8] , which has become a powerful tool in organic synthesis. To this end, in a one-pot method, the above reaction was carried out without isolating the Schiff base. This provided the products 3a and 4a in improved yield (56% vs 43%), albeit with opposite stereoselectivity (cis:trans 85:15) (Table 1, entry 2). Subsequently, the same reaction was carried out with only 10 mol % catalyst, with an identical result (Table 1, entry 3). To investigate the role of solvent, the one-pot method was also carried out in THF, CH 2 Cl 2 and 1,2dimethoxyethane (DME) using 10 mol % catalyst. Amongst the chosen solvents, the result in THF was similar to that in CH 3 CN, although the yield was less (cis:trans 83:17, 45%) ( Thus, a one-pot method in CH 3 CN using 10 mol % TiCl 3 was found to be the best combination, and hence, was used for the subsequent studies.
Effect of amine and aldehyde component:
The reaction was extended to the aniline derivatives 1b-d possessing either electron withdrawing or electronreleasing para-substituents, keeping the other two reactants the same. In one case, the para-substituted aldehyde, 2b, was also used as the variant (Scheme 1). The results of the reactions are shown in Table 2 . Irrespective of the electronic nature of the para-substituents, their presence in the amine adversely affected the stereoselectivity of the reaction, leading to the products 3b-d and 4b-d in almost equal ratios. The yields, however, were almost the same as with 1a (Table 2 , entries 2-4). With the aldehyde 2b and the amine 1a also, the reaction proceeded well, furnishing 3e and 4e in 65% yield and a 38:62 cis:trans ratio (Table 2, entry 5). 
Effect of the dienophile:
The study was also extended to two other dienophiles, 2,3-dihydrofuran (DHF) and ethyl vinyl ether (EVE) (Scheme 2, Table  3 ). Besides 1a-c, the ortho-substituted aniline 1e was also used for the reaction with DHF. In these cases, the products 5a-d and 6a-d were obtained in better yields ( could be easily separated by column chromatography, as before. The reaction was not governed by either the electronic effect of the substituents or their relative position with respect to the amine group.
The reactions of the amines 1a-c with EVE as the dienophile also proceeded to furnish the tetrahydroquinoline derivatives 7a-c and 8a-c, in 45-57% overall yields. In these cases, the presence of the electron-withdrawing para-substitutent (Br) led to poor yield and stereoselectivity (Table 3, entry 7) . In the other two cases, a modest (~3:7) stereoselectivity was observed in favour of the trans-products.
Experimental
Melting points were taken on a Fisher-Johns melting point apparatus and were uncorrected. The FT-IR spectra were scanned with a Jasco FT-IR model A-202 spectrophotometer. The 1 H NMR spectra were recorded with a Bruker AC 200 (200 MHz) spectrometer. All reactions were carried out under an argon atmosphere. Acetonitrile was dried and distilled over P 2 O 5 .
General procedure for TiCl 3 -catalyzed imino Diels-Alder reaction:
A mixture of the aromatic aldehyde (3 mmol), aromatic amine (3.1 mmol), dienophile (3 mmol) and TiCl 3 (10 mol%) in dry acetonitrile (15 mL) was stirred at room temperature for 4 h. The reaction was quenched with 10% aqueous Na 2 CO 3 , the mixture was diluted with diethyl ether, and the organic extract concentrated in vacuo. The residue was dissolved in diethyl ether, and the extract successively washed with water and brine, and dried. Removal of solvent, followed by purification of the crude product by either preparative thin layer chromatography or column chromatography (silica gel, n-hexane/ethyl acetate) yielded the respective cis-and trans tetrahydroquinoline derivatives. In all cases, trace amounts (3-5%) of reduced imines were also isolated. All the compounds were characterized from their reported spectral data (supplementary data).
Supplementary data:
Physical and spectral data for cis-5- 4, 4a, 5, 6, 4, 4a, 5, 6, quinoline (3b), trans-9-Methoxy-5-phenyl-3,4, 4a, 5, 6, quinoline (4b), 4, 4a, 5, 6, quinoline (3c) 4, 4a, 5, 6, quinoline (4c), cis-9- 4, 4a, 5, 6, 3, 3a, 4, 5, 2c] quinoline (5a), trans-4- 3, 3a, 4 , 5, 9btetrahydrofuro[3, quinoline (6a), cis-4-Phenyl- 8-methoxy-2,3,3a,4,5,9b-tetrahydrofuro [3,2-c] quinoline (5b), trans-4-Phenyl- 8-methoxy-2,3,3a,4,5,9b-tetrahydrofuro[3,2-c] quinoline (6b), cis-4-Phenyl- 8-bromo-2,3,3a,4,5,9b-tetrahydrofuro [3,2-c] quinoline (5c), trans-4-Phenyl- 8-bromo-2,3,3a,4,5,9b-tetrahydro-furo[3,2-c] quinoline (6c), cis-4- 3, 3a, 4, 5, 3, 3a, 4, 5, quinoline (6d), cis-4- 2, 3, , trans-4-Ethoxy-2-phenyl-1,2,3,4-tetrahydro quinoline (8a), cis-4-Ethoxy-2-phenyl-6-methoxy-1,2,3,4-tetrahydroquinoline (7b),trans-4-Ethoxy-2phenyl-6-methoxy-1,2,3,4-tetrahydroquinoline (8b), cis-4- 2, 3, and trans-4-Ethoxy-2-phenyl-6bromo-1,2,3,4-tetrahydroquinoline (8c).
